This paper includes the results of an attempt to develop a simple colorimetric method for the estimation of the relative numbers of lactobacilli in the saliva as a supplementary procedure for the quantitative techniques (1, 2) used in the study of dental caries. The test was based on the assumption that since caries activity is closely correlated with the numerical rise and fall of lactobacilli in the saliva, it should be possible to demonstrate a corresponding increase and decrease in the amount of acid produced in a selective carbohydrate medium inoculated with definite amounts of saliva. Thus, significant color changes in selected time intervals could be interpreted roughly in terms of lactobacilli per c.c. of saliva as established by an adequate number of control plate counts. The present data embodies a large series of tests on specimens of saliva sent to the School of Dentistry of the University of Michigan for estimation of numbers of lactobacilli.
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METHOD AND MATERIAL
The essential requirement for such a method was a medium selective for the acidogenic organisms, especially the lactobacilli, in the saliva and so colored that shifts in the indicator could easily be detected. Beef infusion agar to which glucose or lactose and an indicator were added was found to be very satisfactory since acid tomato-peptone agar (2) masked the color of the indicators used. Since the medium to be sufficiently selective must have an initial acidity of at least pH 5.0, the number of indicators was at once limited.
After many trials with brom-cresol-green (pH 3.8-5A), brom-phenol-blue (pH 3.0-4.6), benzene-azo-a-naphthylamine (pH 3.7-5.0), and a-naphthylamine-azo-sulfanilic acid (pH 3.5-5.7), it was found that brom-cresol-green was the most satisfactory because the color changes were easy to follow and the indicator was stable at sterilizing temperatures.
Using specimens of saliva from 38 selected caries-free children and 134 freshman medical students, it was found that "shake" tubes, to which measured amounts of saliva could be added at 45C followed by immediate cooling of the medium and daily observation for 4 days at 37°C, gave more consistent results than either streaked plates or stabbed slants. These preliminary tests established a definite correlation between intensity and time of color change and estimated numbers of lactobacilli in the respective specimens.
Changes in the color of the indicator were recorded as 0 for no difference compared with uninoculated controls and 4 for a complete shift from the blue-green to the yellow. Intermediate stages were estimated as 1, 2 or 3 ( fig. 1) . However, to avoid the confusion in estimating degrees of intensity, significant or positive changes were considered to be only those tubes in which green was no longer the dominant color and determined as either 3 or 4. This point on the colorimetric scale for brom-cresol-green is approximately pH 4.2-4.4, and was selected because pure cultures of streptococci, yeasts, and staphylococci did not alter the color below this limit whereas cultures of lactobacilli, especially the S form, caused a complete shift in 48 hours.
To supplement the preliminary observations a survey by clinical and quantitative methods of the incidence of caries in a large number of children in a "mottled enamel" district in Texas2 was welcomed. The specimens of saliva were collected in sterile bottles at different public schools and shipped by air mail to Ann Arbor where definite quantities were sampled before "shake" tube cultures were made. In this manner lactobacillus counts3 were determined independently and were not compared with the results of the color tests until after the latter were discarded. All the results reported in this paper were determined with "shake" tubes which contained approximately 5-7 c.c. of the acid glucose or lactose agar containing brom-cresol-green as the indicator and inoculated with either 0.1 c.c. or 0.2 c.c. of saliva.
RESULTS
The significant color changes every 24 hours for 4 days with percentages of positive results in relation to independent lactobacillus counts are recorded in Tables I, II and III. Table I contains the data when 0.1 c.c. was inoculated into 2 ptr cent glucose infusion agar (pH 5.0) with bromcresol-green as the indicator. The lactobacillus counts were arbitrarily grouped. Table I shows that in 24 hours only 1 specimen of saliva induced significant color change but in 48 hours the number of cultures showing distinct acid production increased proportionately with the estimated numbers of lactobacilli. At this time, however, only 2 of 158 specimens containing less than 1,000 lactobacilli per c.c. of saliva were recorded as positive. The same trend was observed at 72 and 96 hours with less clear cut features except the almost uniformly complete color shifts with lactobacillus counts above 20,000 per c.c. of (l'an-ew in 1srom-cre1-)lreeuli ahi -e agr p11)1 5.1) in 48 lir tIrs it ttlI xx ith ).2 c -a.I a saliva. The failure to interpret color changes at 48 hours with lactobacillus counts between low and high numerical levels emphasized that acid production was not always dependent on numbers of lactobacilli and was correspondingly influenced by many factors, some of which will be mentioned later in this paper. Similar tests were carried out with an increase of the inoculum to 0.2 c.c. of saliva. The results are given in Table II . It was thought that another carbohydrate might give better differentiation; consequently, lactose was substituted for glucose in the acid infusion agar. This medium was inoculated with 0.2 c.c. of the respective specimens of saliva; the results are given in Table III. Although this series was much smaller than the others, the relation of color changes to respective lactobacillus counts seemed to have much wider numerical limits;-that is, of specimens with counts under 5,000.1actobacilli per c.c. of saliva only 6.5 per cent were positive, whereas all specimens of saliva with more than 5,000 lactobacilli per c.c. were strongly positive in 72 hours. DISCUSSION Since it has been established that caries remains absent or inactive with few or no lactobacilli in the saliva and becomes active when these forms appear in constant or increasing numbers, it is possible to predict caries activity by quantitative estimation of the numbers of lactobacilli in the saliva (3). At present, methods for estimating their numbers are limited to the laboratory; consequently it was attempted to develop for the practicing dentist a simple colorimetric test which would give essentially the same information easily and rapidly.
It was recognized that acid glucose broth cultures of saliva, although furnishing a valuable aid in'detecting the presence of lactobacilli, gave no clue to the original numbers inoculated. In the same manner, final pH values of these broth cultures, as shown by Boyd, Zentmire and Drain (4), would in no way reflect the numbers in the inoculum. However, the use of a'selective acid agar medium containing an indicator in "shake" tubes indicated in preliminary tests a correlation between color changes in this medium after inoculation with measured amounts of saliva and the estimated nuinbers of lactobacilli in the respective specimens. This (6) , and our experience showed that the S forms produced acid more readily and in greater concentration than the R types. This correlation between fermentative ability and colony forms was recently established by Tracy (7) with another species of lactobacillus, L. plantarum. Hence, it would seem possible that symbiotic relationships and types of lactobacilli might influence the amount of acid produced by the organisms of the saliva. This possibility suggests the interesting speculation whether the amount of acid produced by the oral flora might not be a more accurate index of caries activity than numbers of lactobacilli as illustrated by the many exceptions to the production of significant amounts of acid in 48 hours or even longer periods by specimens of saliva with varying numbers of lactobacilli. This matter is of special interest since there is little information on the rate of cavity formation in terms of num-bers or varieties of acidogenic bacteria in the mouth. An extensive program to test this point is being conducted and will be reported at a later time.
SUMMARY
Changes in color in selected time intervals of brom-cresol-green glucose or lactose infusion agar (pH 5.0) in "shake" tubes after inoculation of 0.1-0.2 c.c. of saliva were correlated with quantitatively estimated numbers of lactobacilli in the respective specimens. It was found possible to select by negative color change in 48 hours with 4 per cent error those specimens having less than 1000 lactobacilli per c.c. of saliva, but it became increasingly difficult to interpret color shifts directly in terms of lactobacilli in the saliva. The possibility of direct application in the study of dental caries is discussed.
